Background: While there is growing interest in the correlation between chronic obstructive pulmonary disease (COPD) and non-small cell lung cancer, very few studies have examined the interaction between COPD and small cell lung cancer (SCLC). Therefore, the aim of this study was to examine the impact of COPD on the survival of patients with SCLC. Methods: The medical records of 110 patients with SCLC who received chemotherapy from July 2006 until April 2014 were retrospectively examined. The overall survival (OS) and progression-free survival (PFS) rates of spirometrydiagnosed COPD and non-COPD groups were compared. Predictors for poorer survival were analyzed using Cox proportional hazards regression. Results: Of the 110 SCLC patients, 57 (51.8%) had coexistent COPD. The median OS for the COPD group was 11.6 months and for the non-COPD group was 11.2 months (log-rank test, P = 0.581), whereas the median PFS rates were 6.65 and 6.57 months, respectively (log-rank test, P = 0.559). Multivariate analysis identified Eastern Cooperative Oncology Group performance status ≥ 2 and extensive-stage SCLC as independent risk factors for shorter OS; however, coexisting COPD was not a predictor of survival. Conclusions: Although over half of the SCLC patients receiving chemotherapy had COPD, coexisting COPD had no impact on the survival of patients with SCLC.
Introduction
Chronic obstructive pulmonary disease (COPD) and lung cancer are forecast to be the fourth and sixth leading causes of death by 2030, respectively. The mortality associated with these two diseases is already greater than that reported in 2002. 1 Chronic obstructive pulmonary disease and lung cancer have a common causative factor: smoking. 2 Smoking is the most common cause of COPD worldwide, and smokers with COPD show a high number of respiratory symptoms and a rapid decline in lung function. 3 Smoking is also the main cause of lung cancer, with high mortality rates in smokers with lung cancer. 4 These two diseases are strongly linked to each other. COPD is a significant risk factor for lung cancer and a comorbidity in approximately 50% of lung cancer patients. 5, 6 In addition, COPD influences the choice of treatment for patients with lung cancer 7, 8 for example, patients with advanced COPD are administered radiotherapy rather than chemotherapy or surgery. 9 However, it is unclear whether COPD affects the survival of patients with lung cancer.
Previous studies have assessed the association between non-small cell lung cancer (NSCLC) and COPD. 10, 11 Coexisting COPD is a poor prognostic factor for NSCLC, especially in men with squamous cell carcinoma 11 even in never-smokers. 10 By contrast, other studies have reported that coexisting COPD does not affect the survival of NSCLC patients. 9, 12, 13 However, there are limited data regarding the interaction between small cell lung cancer (SCLC) and COPD, mainly because the prevalence of SCLC is lower than that of other histological lung cancers, such as squamous cell carcinoma and adenocarcinoma. 14 To the best of our knowledge, this is the first study to examine the impact of COPD on the survival of patients with SCLC by comparing the mortality and clinical characteristics of SCLC patients with/without COPD.
Methods

Study population and procedures
A total of 248 patients were newly diagnosed histologically with SCLC from July 2006 to October 2013 at Gyeongsang National University Hospital, Jinju, Korea. One hundred and sixteen patients were excluded because they did not receive first-line chemotherapy, as listed in Figure 1 . A further 22 patients were excluded because a pulmonary function test was not performed prior to systemic chemotherapy. The medical records of the remaining 110 patients were retrospectively reviewed.
Pulmonary function tests were conducted in accordance with criteria published by the American Thoracic Society and the European Respiratory Society. 15 Forced expiratory volume in one second (FEV 1 ) and forced vital capacity (FVC) were calculated from the flow-volume curve, which was generated using a spirometer (Jaeger, Würzburg, Germany). The highest value from at least three measurements was used. COPD was defined as a post-bronchodilator FEV 1 /FVC ratio < 0.70. The Institutional Review Board of Gyeongsang National University Hospital approved the study. The retrospective nature of the study meant that the requirement for informed consent was waived.
Demographic and clinical characteristics were obtained from medical records. Age, gender, body mass index (BMI), smoking status, smoking pack-years, pulmonary function, Eastern Cooperative Oncology Group (ECOG) performance status (PS), stage of SCLC, presenting symptoms, comorbidities, progression-free survival (PFS), and overall survival (OS) were obtained. BMI was calculated as weight divided by height 2 (kg/m 2 ). Never smoking was classified as a lifetime history of < 100 cigarettes. Exsmokers were defined as patients who stopped smoking one month prior to a diagnosis of SCLC. The ECOG PS was divided into two classes according to patients' general well being and activities of daily living: < 2 or ≥ 2. 16 The Figure 1 Study scheme. COPD, chronic obstructive pulmonary disease; PFT, pulmonary function test; SCLC, small cell lung cancer; TB, tuberculosis.
stage of SCLC was dichotomized into "limited" or "extensive" according to standard staging protocols. 17 Overall survival was defined as the duration from diagnosis to death, or until 1 January 2016 for patients who were still alive. PFS was defined as the duration from the first chemotherapy session until clinical or radiographic progression or death from any cause. Response Evaluation Criteria in Solid Tumors version 1.1 was used to evaluate the response of measurable lesions. Death or progression of lung cancer after chemotherapy was verified from medical records documenting regular follow-up.
The clinical characteristics and the OS and PFS rates of SCLC patients with/without COPD were compared. Significant prognostic factors in patients with SCLC were then analyzed.
Statistical analysis
Data are presented as the mean AE standard deviation or as number (%). The unpaired t-test and Pearson's χ 2 test were used to compare continuous and categorical variables, respectively. Kaplan-Meier survival curves were used to evaluate OS and PFS between COPD and non-COPD groups, and differences were assessed using the log-rank test. Cox proportional hazards regression analysis was performed to identify prognostic factors for survival. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated. Only variables showing statistical significance in univariate analysis were included in the multivariate model. P values < 0.05 were considered significant for all tests.
Results
Clinical characteristics
A total of 110 patients were enrolled and categorized into COPD (n = 57) or non-COPD (n = 53) groups according to the results of pulmonary function testing. The basic demographic and clinical characteristics of the patients are shown in Table 1 . The age, gender, BMI, smoking status, ECOG PS, stage of SCLC, and presence of pulmonary fibrosis on chest computed tomography were comparable between the groups. Most patients with SCLC were male and had a smoking history. The mean FEV 1 and predicted value of FEV 1 were 1.8 L and 68.4% in the COPD group and 2.3 L and 87.0% in the non-COPD group, respectively.
There were no differences in the regimen of first-line chemotherapy and concurrent chemoradiotherapy, the response to first-line treatment, or the method of secondline treatment between the groups (Table 2 ). OS and PFS tended to be longer in the non-COPD than in the COPD group, but the difference was not statistically significant.
Presenting symptoms were comparable between the groups, but excess sputum tended to be more prevalent in the COPD than in the non-COPD group. Coughing and dyspnea were the most common symptoms in both groups (Table 3) . Patients in the COPD group had a higher rate of comorbidities (66.7% vs. 56.6%), but the difference was not statistically significant (P = 0.278). Hypertension was the most common comorbidity in both groups, but there was no significant difference in the pattern of other comorbidities (Table 3) .
Comparison of survival between groups and identification of prognostic factors
Of the 110 patients enrolled, 20 survived and 90 died. The median survival time in the COPD group was 11.6 months and in the non-COPD group was 11.2 months (log-rank test, P = 0.581) (Fig 2) . Kaplan-Meier survival estimates at 12, 24, and 48 months were 53.6% versus 48.6%, 19.3% versus 30.4%, and 5.0% versus 11.0% for the COPD and non-COPD groups, respectively. The median PFS in the COPD group was 6.65 months and in the non-COPD group was 6.57 months (log-rank test, P = 0.559). Univariate Cox proportional hazards regression analysis identified ECOG PS ≥ 2, extensive stage, and hypertension as predictors of short OS. To exclude the possible confounder, we performed correlation analyses between ECOG PS and Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages of COPD (r = 0.254, P = 0.057) before multivariate logistic regression analyses. Multivariate analysis identified ECOG PS ≥ 2 (HR 1.810; P = 0.024) and extensive stage (HR 1.882; P = 0.005) as independent predictors of short OS (Table 4) . However, univariate and multivariate analyses did not identify COPD as a predictor of OS or PFS in SCLC patients.
Discussion
Chronic obstructive pulmonary disease was diagnosed by pulmonary function test in 51.8% of 110 patients undergoing systemic chemotherapy for SCLC. The demographic and clinical characteristics of the COPD group were comparable to those of the non-COPD group. Coexisting COPD had no significant effect on the OS and PFS of patients with SCLC. Multivariate analysis identified ECOG PS ≥ 2 and extensive-stage SCLC as independent risk factors for shorter survival.
Although fewer studies have examined SCLC compared to other histological lung cancers, recent reports have shown that multiple comorbidities are associated with a poor prognosis for patients with limited-stage SCLC regardless of the treatment modality, 18 and that sarcopenia is a predictor of a poor outcome. 19 However, there is no data of an association between COPD and SCLC. COPD is a common comorbidity in patients with lung cancer, 6 and many studies have examined the relationship between COPD and NSCLC. [9] [10] [11] [12] [13] [20] [21] [22] [23] Low FEV 1 precludes patients from undergoing curative resection or radiotherapy, 9 and patients with end-stage COPD are considered as subjects limited to palliative care. 22 Patients with both early-stage NSCLC and COPD who undergo surgical resection have a poor outcome, 11, 20, 21, 23 particularly those at higher GOLD stages of COPD. 23 Furthermore, Turner et al. report that emphysema is associated with increased lung cancer mortality, even in never-smokers. 10 However, some studies have shown that coexisting COPD is not associated with prognosis in patients with NSCLC. 12 Coexisting COPD had no discernable impact on the survival of patients with advanced inoperable lung cancer. 12 Lee et al. also reported that coexisting COPD does not show a negative correlation with prognosis in patients with NSCLC, including surgical cases, even though patients with COPD have unfavorable clinical factors. 13 The prognostic impact of COPD on patients with lung cancer may be relative. Overall, the prognosis of patients with operable early-stage lung cancer is affected by the presence of COPD, but had little influence in those with advanced lung cancer. We found that coexisting COPD did not increase mortality rates in SCLC patients. It was difficult to verify the effect of coexisting COPD in each of these groups separately because the number of patients with limited or extensive-stage SCLC was small. In subgroup analyses, the severity of COPD did not have any impact on the survival of SCLC patients.
Several prognostic factors for SCLC patients have been reported: staging, treatment, ECOG PS, and comorbidities. 18, 19, 24, 25 The classic method of SCLC staging is based on limited or extensive-stage disease. 17 Patients with limited-stage SCLC have longer survival than those with extensive-stage SCLC. The five-year survival rate for patients with limited-stage SCLC who undergo standard chemotherapy with etoposide and cisplatin and concurrent radiotherapy is 25-34%, 24, 26 whereas the five-year survival rate for patients with extended-stage SCLC treated with standard chemotherapy is 10-13%. 25, 26 The median OS for the former was 19.9 months and for the latter 12.7 months in our study. The patients examined herein, particularly those with extensive-stage SCLC, survived for longer than the 8.5-9.1 months reported by other studies. 25, 26 These differences in survival duration in patients with early-stage SCLC result from several factors: our study was based on a real-world setting, not a randomized study, to evaluate the efficacy of the chemotherapy agent; and we included the latest data available on SCLC patients.
ECOG or Karnofsky scores are used to assess functional status in cancer patients. These scores are associated with clinical outcomes for lung cancer, 27 because the patient's condition has immediate and direct effects on decisionmaking of the appropriate treatment strategy. Although a poor functional condition is a relative contraindication to receive chemotherapy, some patients are administered systemic chemotherapy as they are expected to be in a better condition after treatment. 28 Fifteen of the 57 COPD patients (26.3%) that received systemic chemotherapy in our study had an ECOG PS ≥ 2. Nevertheless, the ratio of patients who had poor functional status (ECOG PS ≥ 2) was comparable in the COPD versus the non-COPD group (26.3% vs. 18.9%, respectively; P = 0.352). There was no correlation between ECOG PS and GOLD stages of COPD (r = 0.254, P = 0.057). Multivariate analysis identified ECOG PS ≥ 2 as an independent predictor for shorter OS (HR 1.810; P = 0.024). This is consistent with results reported in other studies of patients with NSCLC. 12, 13 Patients with COPD are ineligible for systemic chemotherapy, even in cases of colon cancer, because of their poor health and late stage of disease. This study has several limitations. First, it was a retrospective observational study that examined a small number of patients; in particular, only four female patients were included. The incidence of lung cancer in women is escalating as the number of female smokers increases. 30 Thus, female patients are under-represented in the present study. Because this was a retrospective study, an effective sample size could not be calculated. Assuming the HR for death in the non-COPD group compared to the COPD group was 0.8, 859 patients with SCLC were required to achieve 80% power for detecting a 15% difference in OS between the groups using a two-sided log-rank test with a type 1 error rate of 5%.
Second, a considerable number of patients (n = 22) were excluded because they had not undergone a pulmonary function test, which might cause selection bias. Third, we only included patients who were healthy enough to undergo systemic chemotherapy. COPD patients with severe airflow obstruction or frequent exacerbations leading to difficulties in carrying out activities of daily living cannot undergo radical therapy. Finally, we could not identify the cause of death, as this was not documented in the medical records. Therefore, the results of this study are preliminary and we cannot confirm that there are no associations between SCLC and COPD.
In conclusion, COPD was present in approximately half of the patients who underwent systemic chemotherapy to treat SCLC in this study. However, the coexistence of COPD had no impact on clinical characteristics (including presenting symptoms), ECOG PS, response to first-line treatment, OS, or PFS. ECOG PS ≥ 2 and extensive-stage SCLC were independent prognostic factors for poor survival. Further studies with larger cohorts are required to more accurately determine an association between COPD and SCLC.
